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Abstract
Over the past 5 years, a number of cases of legionellosis in Scotland have been associated with compost use; however, studies investigating
sources of infection other than water systems remain limited. This study delivers the ﬁrst comprehensive survey of composts commonly
available in the UK for the presence of Legionella species. Twenty-two store-bought composts, one green-waste compost and one
home-made compost were tested for Legionella by culture methods on BCYE-a medium, and the ﬁndings were conﬁrmed by macrophage
infectivity potentiator (mip) speciation. Twenty-two of the samples were retested after an enrichment period of 8 weeks. In total, 15 of 24
composts tested positive for Legionella species, a higher level of contamination than previously seen in Europe. Two isolates of Legionella
pneumophila were identiﬁed, and Legionella longbeachae serogroup 1 was found to be one of the most commonly isolated species.
L. longbeachae infection would not be detected by routine Legionella urinary antigen assay, so such testing should not be used as the sole
diagnostic technique in atypical pneumonia cases, particularly where there is an association with compost use. The occurrence of Legionella
in over half of the samples tested indicates that compost could pose a public health risk. The addition of general hygiene warnings to
compost packages may be beneﬁcial in protecting public health.
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Introduction
Legionella pneumophila was ﬁrst established as a human
pathogen after an outbreak of pneumonia at a meeting of the
American Legion in Philadelphia in 1976, which led to the
hospitalization of >100 ex-servicemen and, subsequently, 29
fatalities. To date, >50 species of Legionella have been
identiﬁed; almost half have been cited as causative agents of
human disease [1]. Infection with Legionella may be
asymptomatic, or present as legionellosis in one of two
distinct clinical manifestations: Pontiac fever—a self-limiting
inﬂuenza-like illness; or Legionnaires’ disease (LD)—a more
serious pneumonia that can be fatal.
Most cases of infection reported throughout Europe are
caused by L. pneumophila, which was responsible for 96.5% of
culture-conﬁrmed cases of LD reported to the European
Legionnaires’ Disease Surveillance Network (ELDSNet) in
2010 [2]. The incidence of infection with Legionella longbeachae
in Europe has historically been low; since 1984, L. longbeachae
has been cited as the causative agent in only 11 cases of
infection in the UK, seven of these occurring in Scotland [3].
However, four of these cases (36.4%) occurred in Scotland
between 2008 and 2010, and in all cases the patient had been
in contact with commercially available compost before the
onset of symptoms [3].
Cases of LD where L. longbeachae is the aetiological agent
are not limited to the UK. The incidence of human infection
with L. longbeachae is much higher in the southern hemisphere
than in Europe; rates of infection are more equivalent to those
for L. pneumophila. A review of legionellosis survey data in
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Australia from 1996 to 2000 reported that 42% of cases were
attributable to L. longbeachae, as compared with 51% cases
where the causative agent was L. pneumophila [4]. In New
Zealand, the Ministry of Health found that, in 2011, L. longbe-
achae was responsible for more cases than L. pneumophila,
with 42% and 30% of laboratory-reported cases of infection,
respectively [5]. Human infection with L. longbeachae has also
been noted in Thailand, where Phares et al. [6] found that
L. longbeachae was responsible for 5% of clinically deﬁned cases
of pneumonia in a rural district, whereas L. pneumophila was
not reported.
Steele et al. [7] isolated L. longbeachae serogroup (Sg) 1
from potting mixes in South Australia in the late 1980s, and
later detected L. longbeachae and other species of Legionella in
almost three-quarters of the investigated potting soils manu-
factured in Australia [8]. Cramp et al. [9] were the ﬁrst to
identify L. longbeachae Sg 2 as the causative agent in an
outbreak of Pontiac fever that was traced to exposure to an
aerosolized potting mix in a horticultural nursery where the
patients had worked.
In addition to studies in Australia [8,10] and New Zealand
[9], pathogenic and non-pathogenic Legionella species have
been isolated from potting soils in Japan [11], Switzerland [12],
and Greece [13]. Of all species isolated, L. pneumophila,
L. longbeachae, Legionella bozemanii, Legionella micdadei and
Legionella anisa are known to cause disease in humans [1];
however, with the exception of one case of L. pneumophila
Sg 1 [14], only L. longbeachae has been directly linked to cases
of infection where compost or potting soils were cited as the
source of infection [7,9]. Although Legionella species have been
isolated from UK composts [3,15], studies have only looked at
very small sample sizes, and to date, a study examining the
prevalence of Legionella in a wide range of UK composts has
not been undertaken. The aim of this study was therefore to
address this knowledge gap and determine the incidence of
Legionella species in commonly available UK composts.
Methods
Twenty-two branded composts, purchased from retailers in
the UK, were analysed for the presence of Legionella species.
Common ingredients of the tested brands included a mixture
of sphagnum moss peat, composted organic material, sand,
vermiculite, and loam. Six of the composts were designated as
peat-free. In addition to the branded composts tested, a
sample of green-waste compost treated to PAS 100 speciﬁca-
tions [16] and one sample of home-made compost, matured
from garden waste, ash, rainwater, and limited household
waste, were tested.
To ensure that a representative sample was used, compost
was taken from ﬁve areas of each bag, in cores 4 cm in
diameter and 6 cm in length. This material was then mixed well
in a sterile container prior to analysis. Each compost sample
was tested three times, and the results were pooled to
enhance detection rates. The test procedure utilized was
adapted from those previously published [3,7,12]. Brieﬂy, 5 g
of compost was added to 50 mL of sterile dH2O before being
shaken for 1 h at 150 r.p.m. After 15 min of settling, a 200-lL
aliquot was taken and acid-treated with an equal volume of
0.2 M HCl/KCl (pH 2.2) for 15 min. Acid treatment was
carried out in an attempt to suppress unwanted compost ﬂora;
legionellae are relatively acid-resistant. The treatment time of
15 min was deemed to be appropriate after initial testing
revealed high levels of bacteria and fungi in the compost
samples. A ten-fold dilution of the acid-treated sample was
prepared in sterile dH2O, and 50 lL of this was plated onto
Buffered Charcoal Yeast Extract (BCYE) Agar, supplemented
with Legionella BCYE-a growth supplement (potassium
hydroxide buffer, ferric pyrophosphate, L-cysteine-HCl, and
a-ketoglutarate; SR0110; Oxoid, Basingstoke, UK) and GVPC
(glycine, vancomycin hydrochloride, polymyxin B sulphate,
cycloheximide; SR0152; Oxoid). The remainder of each sample
was left at 30°C, as described by Koide et al. [11], to allow
‘enrichment’ of Legionella by any amoebae present in the
sample. After 8 weeks, these samples were reprocessed with
the methods described above.
BCYE plates were incubated for 3–7 days in humid
conditions at 37°C, and examined regularly for potential
Legionella colonies by use of a light microscope (Olympus CHB,
Southend-on-Sea, UK) with a cold light source (Schott
KL1500; Schott UK Ltd, Stafford, UK); Legionella colonies have
a distinctive ground-glass appearance. Presumptive colonies
were subcultured onto fresh BCYE-a containing GVPC, and
cysteine-negative agar (BCYE-a supplement without L-cysteine;
SR0175; Oxoid), as a negative control, as Legionella species
require cysteine to grow. All colonies that grew on BCYE-a
but not on cysteine-negative agar were subcultured to ensure
purity, and stored on Microbank beads at 80°C (Pro-lab
Diagnostics, Wirral, UK). After all compost samples had been
tested, potential Legionella colonies were analysed by use of
PCR with Legionella-speciﬁc macrophage infectivity potentiator
(mip) primers [17]. Successful PCR products were determined
by gel electrophoresis with a 1% agarose gel, and puriﬁed by
poly(ethylene glycol) precipitation. Sequences were deter-
mined with the LightRun sequencing service (GATC Biotech,
Konstanz, Germany), and were run through the Public Health
England (formerly the Health Protection Agency) Legionella mip
gene sequence database (www.hpa.org.uk) in order to identify
samples at the species level.
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Serotyping of strains was carried out at the Scottish
Haemophilus, Legionella, Meningococcus and Pneumococcus Ref-
erence Laboratory, Stobhill Hospital, Glasgow. Latex aggluti-
nation for L. pneumophila strains was carried out with the
Legionella Latex Test for L. pneumophila Sg 1, L. pneumophila
Sg 2–14, and Legionella species (Oxoid). Immunoﬂuorescent
antibody testing was then performed on strains with more
than one serogroup by the use of antisera raised in guinea pigs
and rabbits and ﬂuorescently labelled anti-guinea pig and
anti-rabbit sera.
Results
Twenty-four compost types were tested for the presence of
Legionella species by culture on BCYE-a and conﬁrmation with
PCR of the mip gene. As can be seen in Table 1, 15 of the 24
(62.5%) samples tested contained Legionella species. Ten of 24
(41.7%) were positive in the ﬁrst round of testing, and, of the
22 samples that were retested after enrichment at 30°C, 13
(59.1%) tested positive after the 8-week incubation period.
Owing to sample dilution, the detection limit of one colony per
plate corresponded to 4000 CFU in 1 g of compost material;
although this is quite high, it was deemed necessary to prevent
inhibition of growth by other soil organisms. The maximum
concentration of Legionella found was 4 9 104 CFU/g.
Twelve species in total were identiﬁed in the compost
samples according to mip gene speciation. These are shown in
Table 1. The most commonly isolated Legionella species was
Legionella sainthelensi, which was present in ﬁve of the 24
(20.8%) samples. This species was only isolated after the
8-week enrichment period, as can be seen in Fig. 1. Two
isolates of L. pneumophila were found in the same compost
sample; both tested negative with the latex agglutination kit
(Oxoid Ltd, Basingstoke, UK). The strains were identiﬁed as
L. pneumophila Sg 4 Portland and L. pneumophila Sg 1 OLDA
by monoclonal immunoﬂuorescent antibody testing. L. longbe-
achae Sg 1 was isolated from four of the compost samples,
making it the second most commonly isolated named organism
(Fig. 1). Three unnamed species were also isolated, Legionella
99-113, Legionella species K, and Legionella species A.
In total, there were eight isolates with low (<98%)
percentage identity matches on the Health Protection Agency
mip database. Comparison of the nucleotide sequences for
these eight isolates revealed ﬁve potentially new organisms.
According to BLAST: samples 9 and 16, Legionella 99-113, had
a 100% identity match; sample 22 (initial and after enrichment),
Legionella feelei, had a 99% identity match; and samples 10 and
12, Legionella gormanii, had a 99% identity match. Further work
to establish the identity of these organisms is ongoing. Of the
eight low-percentage match isolates, four were isolated from
peat-free composts, and four from composts containing peat,
as can be seen in Table 1.
Discussion
Legionella species were detected at levels ranging from
4.0 9 103 to 4.0 9 104 CFU/g in 62.5% of the composts
tested, suggesting that these organisms are common contam-
inants of UK composts. This contamination rate is higher than
TABLE 1. Number (CFU/g) of Legionella species in compost
samples tested directly or after 8–10 weeks of enrichment at
30°C
Sample
Sample
type Species
Initial culture
(CFU/g)
Culture retested
after 8–10 weeks
(CFU/g)
1 PF Legionella
micdadei
4000 NT
2 PF – – NT
3 PC Legionella
sainthelensi
– 32 000
4 GW – – –
5 PC Legionella
longbeachae
Sg 1
4000 –
L. sainthelensi – 4000
6 PC – – –
7 PC L. longbeachae
Sg 1
4000 8000
Legionella
species K
4000 –
L. micdadei 4000 –
8 PC Legionella
pneumophila
Sg 1 OLDA
4000 –
L. pneumophila
Sg 4 Portland
– 4000
Legionella
birminghamensis
4000 –
9 PC Legionella 99-113 8000 4000
L. sainthelensi – 20 000
Legionella 99-113a 4000 –
10 HM Legionella
gormaniia
– 4000
Legionella
quateirensisa
– 4000
11 PC L. longbeachae
Sg 1
4000 –
Legionella 99-113 4000 –
12 PC L. gormaniia – 4000
13 PC – – –
14 PC Legionella
species Aa
4000 –
Legionella 99-113 – 8000
15 PC L. sainthelensi – 40 000
16 PC Legionella 99-113 4000 8000
Legionella 99-113a – 4000
17 PF – – –
18 PC – – –
19 PC – – –
20 PC L. longbeachae
Sg 1
4000 –
L. sainthelensi – 4000
21 PC – – –
22 PF Legionella
spiritensis
4000 8000
Legionella feeleia 4000 4000
23 PC – – –
24 PC Legionella 99-113 – 4000
GW, green waste; HM, home-made; NT, not tested; PC, peat-containing; PF,
peat-free; Sg, serogroup.
aLow percentage identity match (<98%) in the Health Protection Agency
macrophage infectivity potentiator (mip) database.
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that found in compost surveys conducted in Greece [13] and
Switzerland [12], where Legionella species were isolated from
27.3% (6/22) and 45.7% (21/46) of compost samples, respec-
tively. These studies challenge earlier work by Steele et al. [8],
who found Legionella species in 73% (33/45) of Australian
composts tested, but failed to isolate the organism from
European composts (14 from the UK, four from Greece, and
one from Switzerland). Steele et al. [8] also tested compost
components for Legionella species, and found the bacteria in
80% of composted bark and sawdust samples, but not in pure
peat samples [8]. Bark and sawdust are the main components
of Australian compost, whereas peat has historically been a
major component in European composts [18]. In Japan [11]
and Greece [13], all compost samples composed purely of peat
were also negative for Legionella species, but samples contain-
ing peat mixed with other components have been found to
contain these bacteria [13]. The current study isolated
Legionella species from two-thirds (12/18) of composts
containing peat mixed with other components. These results
suggest that, although peat alone may not support the survival
of Legionella species, its addition to potting mixes does not
prevent contamination with legionellae.
Traditionally, peat has been the dominant growth medium
used in the UK and throughout Europe; however, it is likely that
the composting market will increasingly move towards the use
of peat-free composts as plans to eliminate the unnecessary use
of peat by the year 2030 are implemented [18]. Increased
composting of green waste resulting from reduced landﬁll
waste disposal, as required by the EU Landﬁll Directive 1999/
31/EC, will provide alternative compost constituents. Standards
are in place to ensure the quality of compost from green waste;
however, there is no provision for Legionella species in current
microbial standards [16], despite their isolation from composts
and composting facilities in Australia [10] and Switzerland [19];
the latter study established green-waste collection and com-
posting sites in Switzerland as an important reservoir for
Legionella species. Lindsay et al. [3] hypothesized that the
increased use of green waste and the decreased use of peat in
commercial multipurpose composts in the UK, in relation to
environmental concerns, may explain in part the increased
incidence of L. longbeachae infection in Scotland.
The incidence of Legionella infection does not seem to be
comparable with the presence of known pathogenic Legionella
species in composts; for example, almost 17% of composts in
this study tested positive for L. longbeachae, the causative agent
in only 11 cases of infection in the UK since 1984 [3]. This
discrepancy may be attributable to cases of pneumonia caused
by species other than L. pneumophila going undetected. Of the
12 different species of Legionella isolated in this study, at least
eight are known to cause human disease. However, in Europe,
the main diagnostic test used for the detection of LD is the
urinary antigen assay, used in 81.9% of cases [2], which identiﬁes
only L. pneumophila Sg 1 with any degree of sensitivity [20]. This
issue of under-reporting of cases of legionellosis caused by
species other than L. pneumophila was highlighted by Whiley
and Bentham [21] and Lindsay et al. [3]. Whiley and Bentham
[21] also commented that individuals with Pontiac fever do not
generally require hospitalization, and therefore Legionella
infection, potentially related to compost, would not be
diagnosed. In addition, the identiﬁcation of currently unnamed
Legionella species in this study reﬂects the diversity of strains in
compost. The eight isolates with <98% mip speciation may
represent new species and a new reservoir for infection.
It is important to note the relatively high limit of detection
resulting from the methods used in this study. The high level of
dilution and extended acid treatment were deemed to be
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FIG. 1. Number of times that Legionella species were isolated from compost samples tested directly or after 8–10 weeks of enrichment at 30°C.
L. micdadei isolated from sample 1 has not been included, as this sample did not undergo amoebal enrichment.
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necessary because of the high levels of bacteria and fungi
present in the samples. Although different strains of bacteria
will react differently to the acid exposure time, the isolation of
12 species from 62.5% of samples indicates that there is a
diverse population of Legionella species present in UK
composts. Although higher numbers of legionellae would
perhaps have been obtained with a shorter treatment time,
detection may have been negated by competing compost
microﬂora. It is likely that Legionella species have only been
identiﬁed in the most contaminated compost samples tested,
and therefore a negative result does not rule out the presence
of Legionella species at levels <4000 CFU/g. Low levels of
legionellae in composts may help to explain the low incidence
of human infection as compared with the relatively high
contamination rate. Lindsay et al. isolated L. longbeachae from
potting compost used by patients with L. longbeachae infection
that had been stored in greenhouse conditions. The authors
also noted that, in a preliminary study, compost stored in
greenhouse conditions had increased levels of legionellae [3].
To an extent, the 8–10-week enrichment period in this study
demonstrated the potential that increased temperature and
humidity, as would be found in a greenhouse, have to enhance
legionellae numbers. This enrichment technique was ﬁrst used
with compost samples by Koide et al. [11], based on previous
workinwhichwatersamplescontainingamoebaewereincubated
to improve legionellae detection rates [22]. Koide et al. directly
isolated legionellae fromtenof24samples takenfromcomposted
woodproductsandpottingmixes. Initial samplesweresuspended
in sterile water and incubated at 33°C for 2–3 months, allowing
time for any amoebae and intracellular legionellae present to
replicate to a level above the limit of detection. After the
enrichment process, 22 of the 24 samples were positive for
legionellae [11]. In the current study, ten of the 24 compost
samples were positive upon direct sampling; this increased to 13
of 24 after enrichment. However, as seen in Fig. 1, legionellae
were not detected after enrichment in a number of samples that
were positive upon direct plating, indicating that the technique
wasnotalways successful.AsimilareffectwasseenbyKoideet al.
[11],whereby,upondirectplating,L. bozemaniiwas isolated from
two samples of composted wood products, and Legionella
birminghamensis was found in a potting mix sample; however,
neither was detected after enrichment. In both studies, samples
were not inoculated with amoebae; therefore, it is possible that
suitable protozoa were not present in all of the samples, or in
sufﬁcient numbers toallow the successful replicationof Legionella
species. In the current work, samples 3, 9 and 15 showed the
greatest increases in numbers of legionellae after the enrichment
period; these three samples all contained L. sainthelensi, which
wasonly isolatedafter theenrichmentperiod.Theresults suggest
thatamoebalenrichmentmaybespecies-dependent. It is possible
that the presence of amoebae in compost allows some Legionella
species to multiply to potentially infectious numbers under the
right conditions; however, a full-scale study into the effect of
greenhouse conditions is needed to investigate this theory
further.
The current study has shown that UK composts are
commonly contaminated with Legionella species, many of which
have been shown to cause human disease. Cases of
non-L. pneumophila infection, which are generally on the
increase globally [21], have been associated with compost
use, primarily where the causative agent is L. longbeachae.
O’Connor et al. [23] highlighted the fact that the presence of
Legionella species in compost does not necessarily indicate that
those handling it will become infected. During a case–control
study examining the association of L. longbeachae infection
with handling potting mixes, the authors used multivariate
analysis to demonstrate that awareness of a potential health
risk in using compost was protective against infection, although
the authors could not demonstrate the effect that this
knowledge may have on gardeners. The authors also found
that not washing hands after gardening, before eating or
drinking, was a risk factor for infection. Australia already has
general hygiene warning labels on compost to educate users of
potential risks. The work of O’Connor et al. [23] would
suggest that this is a beneﬁcial approach to protecting public
health. It would therefore seem worthwhile considering a
similar warning scheme in the UK and other countries, in
order to increase public awareness. Such a scheme should
highlight the need for good hygiene practices, including
hand-washing after use and before eating, and a recommen-
dation to open bags in a well-ventilated area.
In relation to cases of infection, clinicians should be aware of
the increased incidence of cases of non-L. pneumophila infec-
tion, and, to allow for accurate diagnosis, urinary antigen
testing should not be the sole diagnostic tool used in cases of
community-acquired pneumonia, particularly if an association
with gardening has been identiﬁed.
Transparency Declaration
All authors declare no conﬂicts of interest.
References
1. Fields BS, Benson RF, Besser RE. Legionella and Legionnaires’ disease:
25 years of investigation. Clin Microbiol Rev 2002; 15: 506–526.
2. Beaute J, De Jong B, Amato-Gauci AJ et al. European Centre for
Disease Prevention and Control. Legionnaires’ disease in Europe, 2010.
ª2013 The Authors
Clinical Microbiology and Infection ª2013 European Society of Clinical Microbiology and Infectious Diseases, CMI, 20, O224–O229
O228 Clinical Microbiology and Infection, Volume 20 Number 4, April 2014 CMI
2012 Jul. [cited 22/03/13]. http://ecdc.europa.eu/en/publications/Publi-
cations/Forms/ECDC_DispForm.aspx?ID=930.
3. Lindsay DSJ, Brown AW, Brown DJ, Pravinkumar SJ, Anderson E,
Edwards GFS. Legionella longbeachae serogroup 1 infections linked to
potting compost. J Med Microbiol 2012; 61: 218–222.
4. Li JS, O’Brien ED, Guest C. A review of national legionellosis
surveillance in Australia, 1991 to 2000. Commun Dis Intell Q Rep
2002; 26: 461–468.
5. The Institute of Environmental Science and Research Ltd. Notiﬁable
and other diseases in New Zealand: Annual Report 2011. 2012 Apr
[cited 21/03/13] http://www.surv.esr.cri.nz/surveillance/annual_surveil
lance.php?we_objectID=2963.
6. Phares CR, Wangroongsarb P, Chantra S et al. Epidemiology of severe
pneumonia caused by Legionella longbeachae, Mycoplasma pneumoniae,
and Chlamydia pneumoniae: 1-year, population-based surveillance for
severe pneumonia in Thailand. Clin Infect Dis 2007; 45: e147–e155.
7. Steele TW, Lanser J, Sangster N. Isolation of Legionella longbeachae
serogroup-1 from potting mixes. Appl Environ Microbiol 1990; 56: 49–53.
8. Steele TW, Moore CV, Sangster N. Distribution of Legionella longbe-
achae serogroup-1 and other legionellae in potting soils in Australia.
Appl Environ Microbiol 1990; 56: 2984–2988.
9. Cramp GJ, Harte D, Douglas NM, Graham F, Schousboe M, Sykes K.
An outbreak of Pontiac fever due to Legionella longbeachae serogroup 2
found in potting mix in a horticultural nursery in New Zealand.
Epidemiol Infect 2010; 138: 15–20.
10. Hughes MS, Steele TW. Occurrence and distribution of Legionella
species in composted plant materials. Appl Environ Microbiol 1994; 60:
2003–2005.
11. Koide M, Arakaki N, Saito A. Distribution of Legionella longbeachae and
other legionellae in Japanese potting soils. J Infect Chemother 2001; 7:
224–227.
12. Casati S, Gioria-Martinoni A, Gaia V. Commercial potting soils as an
alternative infection source of Legionella pneumophila and other
Legionella species in Switzerland. Clin Microbiol Infect 2009; 15: 571–575.
13. Velonakis EN, Kiousi IM, Koutis C, Papadogiannakis E, Babatsikou F,
Vatopoulos A. First isolation of Legionella species, including L. pneumo-
phila serogroup 1, in Greek potting soils: possible importance for
public health. Clin Microbiol Infect 2010; 16: 763–766.
14. Wallis L, Robinson P. Soil as a source of Legionella pneumophila
serogroup 1 (Lp1). Aust N Z J Public Health 2005; 29: 518–520.
15. McCabe S, Brown A, Edwards GFS, Lindsay D. Enhanced isolation of
Legionella species from composted material. Clin Microbiol Infect 2011;
17: 1517–1520.
16. British Standards Institution. PAS 100:2011. Speciﬁcation for compost-
ed materials. London: BSI, 2011.
17. Ratcliff RM, Lanser JA, Manning PA, Heuzenroeder MW. Sequence-
based classiﬁcation scheme for the genus Legionella targeting the mip
gene. J Clin Microbiol 1998; 36: 1560–1567.
18. HM Government, UK. White Paper. The natural choice: securing
the value of nature. 2011 [cited 08/02/2013] http://www.ofﬁcial-
documents.gov.uk/document/cm80/8082/8082.pdf.
19. Casati S, Conza L, Bruin J, Gaia V. Compost facilities as a reservoir of
Legionella pneumophila and other Legionella species. Clin Microbiol Infect
2010; 16: 945–947.
20. Potts A, Sinka K, Love J et al. Health Protection Scotland. Legionellosis
in Scotland in 2009 and 2010. HPS Weekly Report [Internet] 2011 Oct
19;45(42) [cited 19/4/13] http://www.documents.hps.scot.nhs.uk/ewr/
pdf2011/1142.pdf.
21. Whiley H, Bentham R. Legionella longbeachae and legionellosis. Emerg
Infect Dis 2011; 17: 579–583.
22. Sanden GN, Morrill WE, Fields BS, Breiman RF, Barbaree JM.
Incubation of water samples containing amoebas improves detection
of legionellae by the culture method. Appl Environ Microbiol 1992; 58:
2001–2004.
23. O’Connor BA, Carman J, Eckert K, Tucker G, Givney R, Cameron S.
Does using potting mix make you sick? Results from a Legionella
longbeachae case–control study in South Australia. Epidemiol Infect
2007; 135: 34–39.
ª2013 The Authors
Clinical Microbiology and Infection ª2013 European Society of Clinical Microbiology and Infectious Diseases, CMI, 20, O224–O229
CMI Currie et al. Legionella species in UK composts O229
